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STUDY ON VIBRATION CHARACTERISTICS OF SURROUNDING ROCK
INDUCED BY TUNNEL EXCAVATION UNDER HIGH IN-SITU STRESS

LU Wenbo, CHEN Ming, YAN Peng, ZHOU Chuanghing
(State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan, Hubei 430072, China)

Abstract: The vibration characteristics of surrounding rock induced by the excavation of tunnel under high in-situ
stress are studied with combined method of theoretical analysis, numerical simulation by dynamic finite element
method(FEM) and verification with monitored field vibration data. It is found that the vibration induced by the
excavation of tunnel under high in-situ stress is the result of superposition of blasting-induced vibration(BIV) and
the transient unloading of in-situ stress induced vibration(DUIV). The study reveals that, under low in-situ stress
condition, the vibration in surrounding rock is mostly induced by blasting load. Under high in-situ stress
condition, the DUIV could become absolutely the main factor of total seismic wave induced by the excavation of
tunnel with method of drilling and blasting. In the end, monitored vibration induced by the excavation of tail-water
and inlet water tunnel in Pubugou Hydropower Station, Shichuan Province, China, is presented as a verification,
which is corresponding to in-situ stresses of 10 and 20 MPa, respectively.
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Fig.1 Sketch of blasting design for excavation of a circular
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Table 1 Blasting parameters and calculated blasting loads
S LI ALK F BRI O RE ] r/m JfLEL ) ¥ /m 2 HAR/Imm Po/MPa SERBURNEATE*IMPa
I FatligL 0.25 4 0.39 42.0 1445.0 154.5
I FatligL 0.60 4 0.94 42.0 1445.0 64.4
1" AL 1.20 8 0.94 32.0 282.7 12.6
v HEIL 2.20 14 0.99 32.0 282.7 12.0
\% &AL 3.20 20 1.00 32.0 282.7 11.8
\ ge L 4.20 26 1.02 285 141.1 5.8
Vi JEIPRDEAL 5.00 64 0.49 20.0 43.6 3.7
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Fig.3 Determination of excavation load
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Table 2 Excavation loads corresponding to different blast
sequences

P P P =1 1 B S THER 3 /MPa

WUE AL BB TIM 5 Mpa 5 MPa 10 MPa 20 MPa 30 MPa 40 MPa

I faiEsl 025 1.99 496 993 1986 29.79 39.72

I fafE5L 060 165 413 826 1653 2479 33.06
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Fig.4 Transient unloading process of surrounding rock stress
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Table 3 Comparison between vibration induced by blasting and transient unloading of in-situ stress
X35k JfLR i E B FRNE A B/MPa JHEAT3/MPa AT SRS LA
EieLi=EAN MS1 212 20.0 11 0.94
JEK Ji AL MS3 14.2 11.0 1.3 1.10
B Ji AL MS7 14.2 11.0 1.3 0.94
TR AL MS15 4.1 4.0 1.0 0.75
ALk HrEoL Ms1 21.2 10.0 21 1.80
E{%?H HHTEAL MS3 24.1 5.6 25 1.60
N SEHRL Ms5 41 20 2.0 1.80
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